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PREFACE

The work described in this report was performed by the Propulsion Divisicn

of the Jet Propulsion Laboratory.
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ABSTRACT

To facilitate parametric performance evaluation of heat pipes in
lightweight heat rejection systems, a computer program was developed, This
report contains a description of that code along with a user's manual and
gsample input, It is limited to the analysis and design of homogeneous wick
heat pipes, although the annular heat pipe program previously developed is

included as part of the heat pipe radiator subroutine in this document,
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A HOMOGENEQUS HEAT PIPE ANALYSIS CODE

I, Introduction

Heat pipes have been successfully used in a variety of high and low heat
transfer applications and for isothermal operations., They have been suggested
for use in thermionic reacecr system concepts to achieve highly reliable
lightweight heat rejection systems.l’2 In order to facilitate evaluation of
heat pipes for these concepts and to pérform parametric evaluations of alterna-
tive heat pipe designs, a computer program was developed to compute heat pipe
performance, The code was required for performance predictions for laboratory
experiments and to aid in the selection of heat pipe materials and designs for
thermionic reactor systems,

This report contains a description of that code along with a user's manual
and sample input, A typical heat pipé consists of a closed tube or pipe with
an internal wick or screen running the length of the pipe and a small quantity
of a liquid working fluid, Heat transfer from the evaporator to the condenser
is achieved by vaporization of the working fluid which flows to the condenser
of the heat pipe because of the self-induced’pressure differentiél. The fluid
condenses and returns from the condenser to the evaporator by capillary pumping
in the wick, The heat transferred depends on the fluid circulation rate and
latent heat of vaporization., Factors which influence the operation of a heat
pipe are the liquid and vapor flow properties of the working fluid, the
surface tension of the liquid, the physical dimensions of the vapor and liquid
flow spaces, and the geometry of the capillary pumping structure. The perfor-
mance of most homogeneous heat pipes depends on the capillary pumping capacity

of the wick structure and its resistance to liquid flow,
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A variety of wick configurations are described -:a_].sev.rhere.s“5 This report
is limited to the 2nalysis and design of homogeneous wick heat pipes, In these
designs the capillary wick usually is a screen swaged directly to the inner
wall of the heat pipe, In comparison, an annular heat pipe has a thin liquid
annulus separating the wick and the heat pipe wall. The annular heat pipe,
because it has an open channel for liquid flow, has a much lower liquid pressure
drop and, therefore, has a much higher heat transfer capacity. Also, since the
wick pore size affects only the pumping power and not the pressure drop, the
pore size can be made as small as convenient, An unfortunate characteristic
of annular heat pipes is that the pumping power developed by the capillary
force in the wick is limited by the largest pore, i.e., this gives the lowest
developed pressure head., Thus control of pore size during wick fabrication
is eritical., This is not true with a homogeneous heat pipe. In a homogeneous
pipe an increased pressure drop in the wick is tolerated in order to remove the
dependence of pumping pressure head on waximum pore size, The reduced sensitivity
of this design to variations in pore size makes fabrication easier and should
result in lower heat pipe production costs, Since large numbers of heat pipes
must be fabricated for the space radiator applications under consideration, the
homogeneous heat pipe is an attractive alternative, A program similar to the
one described herein was written to perform analyses of annular heat pipes,
and is described in the Thermionic Reactor System Analysis code document?

The annular heat pipe program is included as part of the heat pipe radiator

subroutine in this document,

1L, Theory

1. Assumptions and Approximations, In order for a heat pipe to function

properly the total pumping pressure generated by the wick capillary force must
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exceed the sum of the pressure drops in the heat pipe. Thus,

AP =2 AP+ AP, + AP+ APm. €N

Diagrams of both transverse and longitudinal cross sections of a typical
homogeneous heat pipe are shown in Figures la and 1b. The equations used to
describe the heat pipe performance are given in the following section, The

>
approximations and derivations are indicated where applicable. More complete

derivations are given in references 3-5., The equations contained herein are

applicable only to heat pipes with a cylindrical cross section.

2. Radisl Temperatufe Drops, The outside evaporator wall temperature

is given by T* as shown in Figure 1, This is the surface temperature; thus
any radial film tewmperature drop to the heat sink must be treated separately,
The temperature drop through the cylindrical evaporator wall is
r
o
q, In —

AT = —— (2)

The radial temperature drop through the wick is

r-
1
[
QEln r
v

AT, R LE &)
e w e e

e

The total radial temperature drop for the evaporator is therefore:
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w o |Rw e Lowle
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Tye = TF = aT, (6)
and the rejection temperature at the outer surface of the condenser 1s
Tc = Ty, - ATC (N
3. Mass Transport Expressions. The total fluid mass flow rate in the
heat pipe is
w o= 2 8
X (8)

where } is the heat of vaporization of the working fluid., The mean velocity

in the vapor region is
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v = — . (9

The sonic velocity in the heat pipe is determined by the properties and condi-

tions in the heat pipe as

o 1t/2
v o= 11,772 [~X] , cm/sec (10)
s M

This correlation assumes the ratio of specific heats, K, for the working fluid

equals 1,667 for monatomic vapors,

4, Pressure, The static vapor pressure ratio in the evaporator (for

points 1 and 2 of Figure 1) is

Pe
.P_l.. = 1 + ¥k (11)

€2

where N is the mach number of the vapor, Therefore,

- 1
Pe2 - Pel[ 2 (12)
1.0 + 1,667 ()

5. Acceleration Pressure Drop. The total acceleration pressure drop

is

2
W, = B - B, 1.667 (N) ' 1%
1.0 + 1.667 (N) |
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The pressure recovery in the condenser due to decrease in the vapor velocity
as a result of condensation of the vapor is estimated to be 40 percent of the

acceleration pressure drop in the evaporation,

AP = 0.40 AR_ (14)

m=rec

The temperature in the condenser section is obtained from the pressure and the

equation of state of the working fluid in the condenser,

6., Vapor Flow Pressure Drop, The pressure drop in the flowing vapor

is given by the Fanning equation

2
v Behy
The length used in these calculations is an effective length of the heat
pipe, Leff’ defined as
Le + Lc
Loeg = 7 + L (16)

This definition is used since heat is added over the entire evaporator length
and the vapor flow rate increases linearly until the exit of the evaporator
(Pt, 2, Fig, 1lb) is reached, Conversely, in the condenser section the flow
rate decreases linearly as the heat is extracted and the vapor condenses,

The Reynolds number for the vapor flow is
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D

Re, = — W2 = ]Trzw (17
By e vuv
v
If.Rev £ 2000, then a laminar flow correlation for the friction factor is
used, resulting in a pressure drop of
32G L
AP = ————EEEE B (18)
v D P
v
With Re > 2000, turbulent flow correlations are used and the vapor pressure
drop is
2 2
o - oS 4 fo,0052 Lege © 19)
v Dv ZQV Dv Re0.087 2pv
Finally,
(0.08)W1'913 " 0,087 1
AP - v eff (20)
v 4,91
D p
v v

7. Liquid Flow Pressure Drop, The liquid phase pressure drop is obtained

from

ﬁP = B_I;e._f-ﬁ
£ p’t' KW AW

(21)

where the flow area is the teotal cross sectional area of the wick
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) (22)

8, Average Condenser Section Conditions, The average pressure of the

vapor in the condenser is

Py, = Py, - APy + O.Z(PVl - Pvz) (23)

Q r ri

- = c 1 Ot 1 t
T = T - m——_—1ln— 4+ =—In — 24
r c 2MLg ‘kt Tic k,, ry ] (24)

f; is obtained from (23) and the equation of state of the working fluid,

9. Available Pumping Pressure, The available pumping pressure depends

on the capillary wick pore size and surface tension of the working fluid. The

total capillary pumping head available is:

M

APCP = (25)

H
g

where v 1s the liquid surface tension and rp 1g the effective pore size in the

wick,

10, Empirical Correlations, Several material properties are not avail-

able as analytic expressions. These include the permeability, the sintered
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thickness of several layers of screen, and the pore size resulting from
swaging and sintering of the screen, The data were obtained from tests at
JPL, It was found that the data could be conveniently represented by the

following expressions:

Wick Permeability

L6185,

o = 0,0371 (g) cm _ . (26)

Layer Thickness
1 \1-3553 _ _

t = 10,74 (5) cm ) 7

‘Pore Size
: ' L+ 0945 : '
r, = L.65 (E) em (28)

In all cases § refers to the screen mesh (available presently only in wires per

inch) and the range of validity for the correlation is 50 = § < 200,

III. Program Description

1. Method of Solution. The program provides a convenient method of

solving the equations in Section II, The heat input to the pipe is defined
by the input data. The equations describing operation of the pipe are solved
iteratively to obtain the necesséry heat rejéctibn area, A Newton-Raphson

iteration scheme is used to provide faster convergence than direct substitu-

tion, The iteration is necessary since the pressure drops depend on the pipe
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dimensions, hence the length and/or diameter of the heat pipe, while the con-
denser dimensions depend on the temperature of the condenser, The condenser
temperature is fixed by the condenser pressure and the equation of state of the
working fluid.

In operation the program computes heat fluxes through the evaporater wall
and vapor temperature in the evaporator. From the equation of state, the
absolute pressure in the evaporator is computed, From the total heat input and
the pipe dimensions the flow rate of the working fluid is computed, Pressure
drops and total pumping head available from surface tension correlations are
computed, If the available pump head is sufficient to circulate the fluid and
therefore transfer the heat, the pressure in the condenser determines the average
rejection temperature, This-approximation holds well when the major pressure
drops are in the liquid phase flow; otherwise, pressure drops and recovery in
the condenser cause large temperature variations along the condenser, When
this occurs the assumption that a single average temperature can be used to

represent the rejection temperature of the heat pipe may be less valid,

2, Built-in Data Correlations., Data on material properties of the wall,

and wick and working fluid are built into the code, The available options are:
Wall material - Niobium (NC=1)
Stainless Steel (NC=2)
Working fluid -~ Potassium {NL=al)
Sodium (NL=2)
The material properties required and the algebraic form of the equations are
shown in Table 1, New coefficients must be incorporated if other materials are

desired,
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IV, User's Manual

1. Input, A list of the input data required is shown in Table 2, Default
values for all parameters are included in the code and are shown in the last
cplumn of the table, These default valueéidefine a sample problem and the use

of a single namelist, $INP$, will cause this default case to be run.

2, OQutput. The output includes an edit of the input data used for thercase
in NAMELIST format, The output data provided is a l1ist of the input conditfions
as well as temperatures, pressures, and pressure drops for the three sections of
the heat pipe,

Note that temperature‘variations in the condenser due to pressure variations
along the heat pipe were neglected and a single temperature is used to charac-

terize the condenser. A typical runstream is shown as an appendix,

JPL Technical Memorandum 33-663 . 11



v. Nomenclature

A
W

D

AP
cp

AP
B

AP
m

m=-rec

AP
v

12

Cross-gsection area of wick

diameter, cm

fanning friction factor

fraction of evaporator area available for heat transfer
fraction of condenser area available for heat rejectien
mass flow rate = grams/cmz-gec

dimensional constant

ratio of specific heat = (1,667 for monatomic fluid)
thermal conductivity, W/em-K

length, cm

effective length of the heat pipe, cm

molecular weight of the working fluid

Mach number (VV/VS)

number of layers of screen

static vapor pressure

pumping pressure generated by capillary wick, N'/cm2
pressure drop due to gravity head, N/cm2

pressure drop in liquid flow, N/cm2

pressure drop due to momentum change, N/cm2

pressure rise in condenser due to vapor momentum recovery
pressure drop in vapor flow, N/cm2

total heat carried by pipe, W

Reynolds number

radius, cm
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T pore radius in wick, cm

P
T, radius of vapor region (= r, inside radius of wick)
w
S screen mesh size (number of wires per inch)
)

T temperature, K

* outside evaporator wall temperature

t thickness of one layer of screen, cm
v, mean vapor velocity, cm/sec
VS sonic veloecity in the vapor, cm/sec

W circulating mass flow rate in the heat pipe, gm/sec
v liquid surface tension

A heat of vaporization of the working fluid, W/gm

W viscosity

p fluid density, gm/cm3

@W wick permeability

Subscripts

a adiabatic section
c condenser section

cp capillary pumping

e evaporator section
i inner

£ liquid

m momentum

0 outer

s sonic
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14

tube wall

vapor

wick properties
beginning of evaporator

exit of evaporator
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Table 1. PFunctional data correlations
‘ Variable Form ]
Al - A2(1/T) - A3 log T
I P(k) pressure f{equation of state) [P(T) = e
Y surface tension Al - AZT
b liquid density - A, +TA, + T°A, + T'A
e 1 2 3 &
Asz
by liquid viscosity Aje
k wall thermal conductivity A - AT
bW 1 2
k% liquid conductivity tabular data
Py vapor density at STP tabular data
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Table 2, Input data for homogeneous heat pipes
Fortran
Variable Name Definition _ Default Value
L RTE outside radius of evaporator 0.5 cm
L . 1E length of evaporator section 30,0 em
Q. QIN total heat rejected 700 watts
in
N, NL working fluid (1 = K, 2 = Na) 1
T& TL liquid thickness 0.0 cm
TW W wall thickness 0,02 em
L, 1A length of adiabatic section 0.0 cm
T TEVAP outside surface temperature 1000°K
ev evaporator s
T, RPST maximum pore radius¥® —
N NC heat pipe wall material 1
¢ (1 = Nb, 2 = SS)
—_— MMT variable FORMAT for output —_
f FDE fraction of evaporator surface 1.0
e : .
avallable for heat input
f FCE fraction of condenser surface 1.0
¢ available for heat rejection’
— IHPT homogeneous heat pipe flag :1
(1 = homogeneous heat pipe)
oy NSCL number of screen layers 1
S MESH screen mesh size 100
K PERMEA wick permeability® —
t TSL thickness of single screen —
si "y
layer

* Computed from correlations if MESH

JPL Technical Memorandum 33-663

is non zero,

17



2

%

Z

X
’0

Z

6'

.
.

e
(e

>

&R

&%

3

TUBE WALL

LR
oo,

WICK STRUCTURE

CONDENSER

(%

o

5
25

&

55

>

525

VW
%
o

5
505

Y

7

CROSS-SECTION

K>
&5

X2

o

N
o
55

-
Pl

S

"
%

525

e

-

7%

Z

.
0
ey,

&

I

)

Leff

a

(

ADIABATIC
SECTION

q—-‘—

EVAPORATOR

et

o1V

JPL Technical Memorandum 33-663

Heat pipe schematic

(b) LONGITUDINAL VIEW

Fig. 1.

18



QFORW IS

FOR Sloa=C

HPDHFD

MAIM PROGRAM

- APPENDIX

TYPICAL RUNSTREAM AND SAMPLE PROBLEM

06/23/73=-18:43154 (.Q)

STORAGE USED: CODE(1} GO13D65 DATA(E) 00079%) ALANK COMMONL2) gDRO2S

EXTERNAL REFERENCES (BLOCKr NAME)

0003 HTPLPE
0004 NINTRS
a0ps NRNLS
0006 NWDUS
0007 NIOZS
0010 NUNLS
0011 NERRZS
0012 WNIOLS
M3 NSTOPS
STORAGE
0401 foo002 1L
000l DO045) 128t
000l 0OLl117 129t
tao1 Q00277 2326
ooot DOOUIZ 3026
obol 000&10 364G
0001 000470 4Oo4L
00a1 001137 4Q9L
oon1 000776 4505
ooo1 001134 5205
aoo1 001267 5T06
D000 R DOOBLZ FDE
0000 I DOOBLG INPRT
ooae 1 0OQeOD 12
000D I 00QBOS 17
ocoD R 000622 LC
0006 § 000133 NC
0000 R Q00623 RTC
aolon 1= C ™A
0olol 2
00103 3+
00104 [T
0105 5«
00105 3]
aol0b T+
0012} ar
00121 e
00121 10%
00121 il=
00123 12*
po125 13
00128 14»
001286 15%
Q0126 16+ o4
a0t2? 17e
00135 18%
00135 19+ [+
00137 20s 1
00142 21
o144 22
00150 23
0013b 2he
00156 23
00187 26%
00160 27
0016l 28+ ip0
0016t 29»
00161 30
00162 =
00164 32
00165 33
00166 ane
00167 35
Qo170 36
[ LIRS 3Te
00172 3as
ooL73 9.
Do1TH 80w
0017% §le
00176 L L]
00177 a3e
go2a¢ 44w 121
ag20l L1
Qo208 “o* 301
0o208 47

ASSIGNMENT (BLOCK: TYPEs RELATIVE LOCATION, MAME}

0001 000044 100L qbo1 a002ed 121L pool ono262
o041 0005643 1251 a00l 000636 1261 0oo1 ono7al
oool golz2l2 i30L €001 000222 2026 ngol onn26t
goo1 000327 2465 ogol 000337 2508 ooel anod72
0001 1006465 316G 0001 200515 3326 ooo1 H0525
PLL ) 000620 3686 1601 0oO06S3 RE26 0001 ongla2
ogo1 000563 405 o001 0DO6SS D6L 0001 ono7sl
000l 0031232 410L apo1 000703 4166 o601l onpT1a
aool 001008 4526 0001 001091 4666 0001 an107l
Qo001 001164 5346 2001 001174 5366 0001 on1227
Qo000 00DT33 SO0F DOOD R DOO1AS A 0002 R QNOUODO
0000 1 DOOALL #4000 1 0D0G21 ICNT 0000 T DOO6BLY
Ll Lili] 0D0E25 NPT 0000 I G00A17 TTPRNT 0000 1 0ng577
0000 1 000601 I3 0000 1 000&D2 & 0009 1 pOD6OS
0000 I DOOGO6 IM opoo 1 odaé07 19 onpo 1 ono624%
04D0 R 000013 LE 0000 I 000620 M 0000 R ONQOOD
Q000 I 00DO3T ML 0000 I 000615 NSCL o00¢ R 0NDOR2S
0000 R DROOOL RYE o008 R 000107 TEVAP t00¢ R Nnposl

IN DRIVER PROGRAM FOR HEAT PIPE COMPUTATIONS

COMMON B121)

IMPLICIY REAL (L}

REAL MESH

DIMENSION RTEV10}sLEL10) rQINCIO) sNLCIOI»TLARO s TWIIN)LALL10)
LTEYAPL1G} (RPSTIL10)+NCI10) s A49s31) rMMT L)

DATA T1el2¢13¢14°15:16+17¢18¢10,110/10%1/

122L
1270
2146
264G
3G
npal
ap7L
4208
5026
5528

THPT
15
MESH

BIN
L e

DAYA (A{1sI)rIS]eBL)/RTE Y e *LE s *NCP o "IN e ITL Y ¢ "TW e PLA ¢ *TEVAP")

1*APSTHp*NCY o 'LC v *RTC o 'TVAPY s *TVAPA v *TYAPC* r * TVMIN® + *TREU ' +
24DPYE* s *OPVMOMY ¢ Y1OPVA 1 1DPYC ¢ ¢ *DPVEX ¢ *OPLE* + TDPLA ¢ *DPLC* ¢
3DPLCOM » tOPYT* r 'DPLT* r *DPTOT " ¢ 'DPST 2 *CON® /

DATA MuT/* (1H rA ' r helPOOT s TEL2.3)*/

NAMELIST /INPT/RYESLEsGIMsNLaTL e TH LA TEVAPrRPSTsNCIFOEFCE,
L EHPT yMSCL ¢ MESH e INPRT 1 I TPRNT

NAMELIST SINPP/IHPTNSCLeMESHFOE!FCE

IHPT 0s1 ANNULAR/HOMOGENEOUS DEFAULT=L

OATA IHPT+MESH/NSCL#FDE!FCE /1¢10Duslel rl./

OATA ITPRNT/O/

READ{Ss INPT)

WRITE (Br500)

IFCINPRTCEQ.1} WRITE (6sINPT)

IFLINPRT.NE. 1} WRITE (82 INPP)

WRITE (6ec00)

INPRT=D

ML

ICNT=0

CALL HTPIPEIRTE{I1) sLECIZ)oLCsQINTIININLITHI e TLLIS) » TH{TE) sRTCr
1 LAUIT) «TEVAP(IR) +RPSTUTO) sNCLT10} sFDE ¢ FCE s THPT s HSCL s MESH s
2 1TPANT)

WAITE (60900)

ICNTZICNT+L

AUI141+1 )=RTELIL)

ALI2+1s2 ISLENL2)

A(L3+1+3 JZHLIIS)

AUIB+10k ISQINCIN)

ALIS+1e5 }=TLLIS)

ACI6 4108 )=TW(18)

ALIT 41:7 JSLACID)

ALIS +1¢8 ITTEVAPLIB)

ACTI9 +1:9 J=RPSTL19)

ACI1041,100=NC (110}

gg Ig ;12&-:zz.123-:zuo125-1za-1:7-125-129-1ao|-n

- +

DO 301 1511.M

AUISsL1=B(L=10)

IFGRTELELY}100+10L¢300
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aonl
anel
o001
aoni
anol
o0a1
0001
04001
0001
o000t

' poon

0000
ueon
nogo
onan
1080
o000
o000

000355
noLnze
angan2
nannyeg2
000560
60037%
oni10as
n0o7ab
naliol
nnL2%s7
nAno613
000712
LULTS U]
aro6ny
000075
nnasTy
nno121
angos3s
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20

L1-L]
49
S50¢
S1s
52e
53w
Sae
55
56+
5T7»
b-1:1
59
b0=
61=
&2+
Ba*
4
&5»
G
6T
5L
69¥
To*
Tis

T5e
To=

109+
110
11i%
112=
113»
118w
115#%
1156»
117
118
119
120*
121»
122w
123w
L124e
125=
126%
127+
128+
129«
130=
131*
132
1323«
134n
135
136e
137

1a0*
1uls
182%
143
184e
1858
106

101

122
302
802
102

123
303
‘03

103

124

308
L1 ]

104

125
305
a5
10S

306
4056

108

127

307
%07

107

128

308
408

108

129

309
%09

109

130

310
510

T (2T (2} +1L~-]1
WRETELGrMMT) LEACIe ) p=1r I ¢ 151430}
MMT(Z}MMT(2) =141

11=1

u=2

12=]24)1

1IFLIZ.LE+2}50 TO 802

DO 302 I=13.3)

A2/ I)=B(I=10)

CONTINUE
IFILELI2))100-102+100
MHTA2I=METL2)+[2=1
IFLI2.GT+2IWRITELSsMMY I LCALIP E) =10 120 1=1431)
MMT{2)ZMMT 2= 241

n=3

12 =1

I3SIDe]

IF(IJ.LE.2)60 TO 803

D0 303 I=1Ll+31
ALLIS:I)=E11=-10}

CONTINUE

IF(aINII3} 100,103,100
MMT(Z)=MMT(2) #1383~
IFLIBL.GT2INRITE(GsMMTIC AL 1) o=t 3302 1210 3Y)
MUT L2 ) =MuT )= B¥]

M=3

I3 =1

ezIdel

IF(I4,LE-2)60 TO N0G

DO 308 T=11,31
AlISr1)=BII=10)

CONT INVE
IFINLLIGT}100,30%,100
HMMT(2)=MMT{2)+IR~=]
IFLIBGT«2IWRITELS  MMTIL{ALIr I ) s =19 18D s 110 3L)
MAT C2IEMMY (I =[G+2

w=>5

1% =1

IS=I5*1

IFLISWLE.2160 TO %05

D0 305 I=11e3)
AESrI=AIT=10}

CONTINUE
IFCTLIIS))100s105+100
MET(2)SMMT (2) 4] 5]
IF{IS.GTe2IWRITEL(OH»MMTI {LALI e 1) e =115+ I=1r 51}
MMT(Z)=MMT () =154

L)

IS5 =1

I6SI6+1

IF(16.LE«2)50 TD ap&

Do 306 [=11:31
ALLG 2 1=B(1=10)

CONTINUE
IFLTR(I6) } 100,106,100
MMTL2IoMMT(2) 4161
IFLIE.E8T«2INRITELGrMUT) (AL D) sd=1 16D+ 1214 30)
MMT{2)=MMY (2} =[6%]

"=z

16 =1

1721741

IFLIT.LE»2)60 TO S07

DO 307 1=11.31
AlLTr1)=BII=-20}

CONTINUE
IFILALIT))ID0.107100
MMT{2}=MMT{2)+IT~1
IFLI7.6T+2WRITELS/MMTILLAGIFT) e =12 IT) p I=1130)
MMT (Z)=MMTL2) =1 T+]

=g

17 =1

I8=18+1

IF(IB.LE«2)80 TD %08

DD 308 I=131.31
ACI8rIIZBII=-10)

CONTINUE

IFITEVAR{IS)) 1001089100
MMT{2)SMMT{2) +18=1
IFUIBGT+23WRITE(BeMMT) LCALL P T) e S50 100 T=1430)
MMTL2)=MMT(2) 21841

m=9

s =1

I9=I9+41

IF(I9:.LE:2)60 TO ®0D9

D0 309 1=11.31
AtI9¢e11=BIL-10)

CONTINUE
IFIRPST(I9)} 100+ 109100
MMT{Z ) =MMT (2} +19=]
TFU19.6T+ 2 WRITE(SeMMTI CLALDr T sd=10 100 e 1219 31)
:!Iéz):ﬂﬂflz)-IO*l

9=

[10=11041
IFL110.LE.2}60 TO #10
DO 310 1=11s31
A(T10+1)=AT=10)
CONTINUE

IFINCUILDY 1002120100

JPL
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0p5a2 147s
00563 188%
0057% 149%
00578 150=
00s7? 151%
00600 152+
90601 153

END OF COMPILATTON!

110 MMTC(2)=MMT(2)+110=1
IFLIL0GT, 2)WRITENG/MMTI((ALIeT) ¢ J=2¢110),T=1¢31)
MMT {2} =MMT(2)=]104])
f10=1
G0 T0 1

900 FORMAT (1H1}

END

NG DIAGNOSTICS.

WFOR: IS SEARCH:SEARCE

FOR  S10A=C

SUBROUTINE SEARCBE

GO/23/T3=18384100 (10)

ENTRY POINT 000202

STORAGE USED: CODE{1) 000240: DATA(D} 000DZ21 ALANK COMMON(2) 000000

EXTERNAL REFERENC

0003 NERRIS

STORAGE ASSIGNMENT

o001
0001
6000 [ 00QODOT N

Qoipt 1=
goiol 2
00103 3%
o010% L
00108 e
o107 6
00110 7.
o011l 8%
00112 9
00113 10«
00115 1=
00116 12%
ogL17 12+
00120 18%
06121 15«
00122 16+
00123 17=
ool1ze 18«
00123 19%
00126 20
00130 21
a1l 22«
00132 23
0o133 24%
00125 25
00137 26%
Qo141 2T+
00142 28
00143 29%
00145 30
001486 3le
00147 32«
00151 33
00152 Jitn
0015% 35
Qo185 b -1 ]
156 3Te
00157 ase
00150 39

END OF COMPILATION?

SFOR IS ENTPSENTP
FOR S10A~C

FUNCTION ENTP
ENTRP
ENTRP
ENT

STORAGE USED: CO

000170 12L
006117 24L

ES (BLOCH: NAME)

(BLOCK: TYPE:» RELATIVE LOCATION: NAME)

onol 000113 2tL
0001 opon23 5L
0000 R OROOOG S

ono1
2000

0001 000040 2L
onel 000031 AL
o000 R 000OOD P

SUBROUTINE SEARCBIPR+PCs XNoXUrXLeR¢ErK)

CSEARCH

DIMENSION P(2)eX12)

IFIKJNELD) 60 TO 2

=1

X6=)X

M=1

x11)=xe

PI1)SPR=PC

IF{P11).57,0.180 TO &

XL=XG

XGEXB2 L1, #R)

xt21=xa

XX=X6

RETURN

4 xXUzxe
XBING/ {14 +R}
8O TO S
2 mwTme)

IFIM.GE.15) K=(10=M}/%
P12)=PR=PC .
STAXI2)=X{1)) /API2)I=PIL)}
N=O
IF1S.6T.0. N1
IFIPI2) +6Te0460 TO 21
IFIN.BT.0)60 TO 24

23 XUSAMINLAXUSX(2)}
60 TO 22

21 IF{N.GT.01G0 TO 23

24 NLSAMAX1UXLeX(2))

22 NE2X{Z}~PLZ)%S
IF{ABS(1+=PC/PR}sLT.E160 TO 12
Xta)=x124
TFAXB.6T XU, ORL X6 LT XLIXGS{XUSXL)#, S
PI1)=Pi2}

60 10 S

12 K=2
60 TO 5
END

(L]

NO DIAGNOSTICS.

D&/23/78=10204102 (+0}

ENTRY POINT 000263
ENTRY POINT 000302
1 ENTRY POINT 0DG307Y
ENTRY POINT 000312

DE(L1) DDO3LTI DATAIQ) 00DQWS] BLANK COMMON{2) 0DODODD
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EXTERNAL REFERENCES (BLOCK: NAME)

0003 EXIT
0004 NPRTS
o005 NIC1S
0006 NLOZ2%
ogo? MERRIS

STORASE ASSEGNMENT  (BLOCKr TYPE« RELATIVE LOCATIONs NAME}

ooolL 000143 1t 0001 onopll 10L nool 00014n 110 nool onooos 1zL anral onapse 1236
uloL ogooTZ 3L DO L GUAZaDd Wi fi i) anoiuns 5F dGol 696251 oL 0T addéiz TF
Qg0 R 000000 ENTP oono 1 gooDGY I (i1 1) Qooai1T ENJPS 0000 1 onEDo2 J aogd 1 anapnd K1

4000 A 00QUOH S

oo100 1 CENS INTERP FUNCTION FOR SYSTEM STupY CDS NTPO ENTOD100
0010l 2= FUNCTION ENTRIY s XeNeAsMeK]) ENTOR2D0
00103 I DIMENSION YU(l)aXi1} . ENTOD300
polQ% L2 INTEGEF I ENTDQGOD
00105 S ENTRY ENTRPLA} ENTO0S500
og107? 1 ENTRY ENTRPLI(Z) ENTOOK00
00k11 1= IF(NGE.2) GO TO 10 ENTOOTOO0
o0L13 8e 12 ENTP=YL1) ENTOOROD
00t1% 9= 60 TO 11 enToog0D
00115 10« 10 IF1 ENTD1DGD
00116 11% IFLK«BTL01IZN ENTOLI00
polzo 12» IFLALLTXIINIGD TO 1 ENTD1200
pa122 13= 00 2 J=2eN ENTD1300
00125 14w I=v ENTD1200
nolze 15+ IF{RET 01 I=N+1=d ENTOL500
po130 16« 2 IFUACLE.X{I)160 TO 3 ENTO1600
00133 17« G0 TO & ENTD1700
po134 18* 3 K1=1-1 ENTD1ROO
0013% 19« IFIR 6T 0IK1IST4Y ENTD1900
H0137 20% SSUA=XIKL }P/LXETI=RIKY )] ENTDZ2N00
00190 21w ENTRY ENT{(Y) ENTOD2100
0g162 22w IFIN«LT.2)60 TD 12 ENTO2200
s01u% 23 ENTPETIKL 14(YII)=YiK]1 ))=x5 ENTDZ300
goius 2us 11 RETURN ENTO24D0
aonlys 25« 1 IFIMJER, Q) ENTOD2500
Q0146 26 1FRINT SEArRLIIYET) ENTO2600
on1sSLH 27 5 FORMAT{13MOsedkas ENTPLIP3IELG . 3) ENTO270R0
0015% 2as 1=2 EMT02800
0o1s6 29 IF(KGT.D1I=N=1 ENTO02900
00140 30w & IF(M.EQ.DICALL EXIT ENTQ300D
pUl62 31w 60 TO 3 ENTO3100
00163 32 8 IF(MsEQWD) ENT03200
00163 33+ 1PRINT TeAeX(E)e¥ID) ENTO3300
Bo171 4 7 FORMAT(13HOs*esex ENTPH:1PIFL1G.3) E£NTO3R00
oai72 I5* 60 TO & ENTOSEGO
00173 367 END ENTO3600
END OF COMPILATION: ND DIAGNOSTICS.

WFCORe IS  HMOPIPEHOPIPE
FOR  S510A=C 0B/2X/T3=181482048 (#0)

SUBROUTINE HTPIPE ENTRY POINT 001706

STORAGE USED: CODE(L) 00206%) pATAlO) 0018411 ALANK COMMONIZ2) gnOO22

EXTERNAL REFERENCES (BLOCK, NAME)

0003 ENTH
oagu NEXPES
2005 ALOG
0006 EXP
2007 SaRT

¢010 NWDUS
ao11 Nia2s
ap12 NERK3S

STORAGE ASSIGNMENT (BLOCK: TYPE: RELATIVE LOCATION» NAME}

Qo000 000331 1IF 4001 000331 100L aool 000030 110L oaol onia&s 1300 otol anevTen 1310
0001 q0lube 180L 0001 001504 1500 nooe 000353 160F opoa 0no3ad 2F onal 000517 2376
oop1 ooo¥2p 2656 0001 000700 331, oool 001323 3346 aoct ON14TT SnoL 0001 0nITI2 E2nL
oool 001741 Sz2lp oonl 000030 70L oeoo 000343 S0F 0000 ano36S SOIF o000 nnoSs3 02F
aoopa 0on701 S03F 0004 0olou? gouf nong 001227 905F 0000 R 0DG152 AA 0006 R AN0167 ALC
0000 R DODL&S ALE 0000 R DOD171 AR 0ODD R OGDL23 AW ¢Do2 R nNODOG B noge R nND11S Con
0apo R 00QL32 DENSL 0400 R DOOA3L DENV DODD R 0OOD154 DPLA 0pad R/ @nO201 DPLC 0oo0 R pODLT2 DPLCOM
0000 R DOO202 DPLCT 0000 R DOO1I43 DPLE 000D R 0Q0013 DPLT apoD R ODNODO DPST nopg A noDALS PRTAT
0opa R DODULD DPVA 0000 R DOOO11l DPVC ag00 R 000204 DPVCT 0000 ® 000006 DPVE 0ooo R 0N0147 NDPVET
0000 R 400012 ODPVEX 0000 R 0O0DO7 DPYMOM 000D R pOOZ03 DPVREC qoaD R 900014 DPVT 7600 R nOD124 DTF
000D R 000175 DTFC 0000 & 0n0127 DTS 0000 R 000173 DTSC a0n6 R ONOL150 DTVEY 0000 R NOOL2D OTW
0000 R 000177 DYWC 0003 R 0DQCOD ENTP 000D R 000146 F ngog R ANO210 FF 0001 R nOLI781 FF
0000 R 000024 GAM 0000 T 4DPO153 T ooo0 001376 INJPS oono 001366 INJPS neno R 400111 K
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0000 R 000062 KL 0000 R 000100 XSS 0000 R 000133 LAMBDA ¢oaa R 0O0O7H M 0000 R nO0142 MDOT
00p0 R 000082 MUL 0000 R 000086 MUY o000 I 000105 NKL 4000 1 GNOI0% NMLY 0000 I 00D162 NS
0000 Go0Zll ouTe 0000 # 000116 PERMEA a000 R 000113 P 0000 R O0hO016 PY 0000 R 000130 PVAP
00p0 R 000155 PVAPA 0000 R 0DOLGL PYAPC 8000 R 000151 PVMIN 0000 R NRODI3T OA 000 R nOD13S GACRIT
Q000 R 000136 GCRIT Q000 R 0DPO160 QENT oopo R 000157 RENTR ao00 R nooliz R 0ong R nNOB14S REVAP
0000 R 0DDOJ0 RMOL 0000 R 000040 RHOV pooo R 000126 RSCI 0000 R ONOL4O ASCIC pone R nNO1AS RSCICC
0000 R 000165 RTCI 4000 R 000206 RTCL 0000 R 00020% RTCU 0000 R OnOLl&l RTEC gopn R nNnll7? RTYEL
00a0 R 000122 RTFI U000 R 0GO0L6% RTFIC po00 R 000106 SIGMA ‘8000 R 0ONDL21 FFL nto0 R MNO1TE TFLC
0000 R 0DOUTZ TKL gooy R 000056 TMUV pooe R 000DDS TRED 0000 R OND20T TREJL 0000 R nNNIOT TS
0000 R 000125 TSC aopg R 000L11R TSL 0000 R O0OOL TVAP 000G R DOO0D2 TVAPA p0D0 R NODOOS TYAPC
0000 R 000200 TVM go00 R 00000% TYMIN 000C R 000176 TWC opoo R O0NOL1C TwOPI nono R ONOLTD VLE
GOgp R 000L3% ¥S 0000 R 000156 wvA 0000 R 00D14G VVAP

00000 =DIAGNOSTIC® THE VARIABLEs RYCUr 1S REFERENCED IN THIS PROGRAM: BUT IS NOWHERE ASSIGNED A VALUE.

00000 «DIAGNOSTIC® THE VARLABLE, RYCLs IS REFERENCED IN THIS PROGRAM: BUT IS NOWHERE ASSIGNED A VALUE.

00101 1 SUBROUT INE HYPIPEIRTErLE/LCrQINsNLr TLe TWATC+LAs TEVAP:RPSTNC»

0010l 2 1 FOE s FCE» THPT ¢ MSTL + MESH) T TPRNT)

00103 s IMPLICIT REALC(L/MrK?

ool0% ae CoMMON B{18)

polos 50 NAMELIST JOUTPZRTE s LErGINsNL e TLe TW+LAr TEVAP» RPSTeNC e DPST

00105 (1] 1 LCaRTCrTYAP: TVAPA s TVAPC ¢ TVMIN TRE 1 DPVE » P VMOM ¢

odio0s T LOPVArDPVC ¢ DPVEX DPLT+DPYTIDPTOT

golee A DIMENSLOM PT‘S.EJ-B&!(Z-ZIoNHOLIQp!:nRHnVla)rHULIZ-E)!IUVIQl?I'

00106 g% LTMUVIL) KLU 2D e TRL TN sME2D o K55 (20 2)

ao107 10 DATA PTIIG-11lﬂﬂranQB.Q-o.53299-11.69932|12767.8-0.613nll

00111 1ix DATA GAM/1,3B8E=3+6.5E=T12.283E=3r1.E=8/

90113 12 DATA RHOL/0.89862¢ 0.20132E=3» 0,3080FE=Te G.HSE=12+3201164s

0Q113 13 10.2205E=3r 0.1923E~T¢5.684E~12/

qe ' 165/

EHty e BATA KUDY/580687,403 2 Y0008 10,836, ¢

ogiz1 16# OATA HUV!THUV19-5E-501-IIE-O|1-HBE-QOEoHZE-I-7-2!-5'9-E-5'!-22E'5.

00121 17 12 35=51 3004 r&00. 1900+ ¢ LS00 < £t HMUV /RS

0012% 18e OATA KL-tKLJ.sl-.uuso.37..23-.91-,19-.655..uzs:sﬂo..sun.-ann.-

00125 19% 11500. 7 1HKLSRS

00131 20s DATA M/39,+23./7+SI6MA/S 6EEBTE=12/

00134 21 DATA TS/-02/0TIQPIIB-283135!!!KII.G&TI.RIG-317/0Pll!-1h159265!

o01a2 22 DATA KS5/0¢872¢0+112TE=3v D88 +15T7E=3/

00144 23 PAT I PZEXPIPTI(Ls [}=PT(2+ 1)/ TmPT{3e T)SALABITY)

001u5 24= GAMBMA (T I)SEAMILI e I ) =GAMI2 T 10T

00146 25« DENLlT-!!=RHDL¢1rII*T‘I-RHOLIEtI’*TOI'RHOL(BDIltf‘RHOL(H'!1,I

0017 - 26% VISLAT»TISMULLY s DISEXPIMULLZ,T) /T

Qo150 27« KWALLATr IISRSSILr 1) =KS5(2¢ 1) 0T

Dol1st 28e DATA TSL/0.027

00153 29 CON=0.

00153 30 c HOMOBENEQUS HEAT PIPE PROPERTIES (IWPTZ1)

00154 31 IF{MESH,EQ«0) 60 YO 70

00156 32 RPSTT0.B25%(1+/MESH) #%1,0945

09157 Ade PERMEA=0,03F71%1{1./MESH) **1 . 5185

09160 3o THSL=11 o 7H46% (1, /MESH) %81, 3553

00161 35« 70 CONTINUE

00161 36 € EVAPORATOR SECTION

00162 3T+ 110 RYEISRTE~TW

00163 389 TSETSLANSCL )

001658 A9x DTWSGIN®ALDG LRTE/RTET ]/ (KWALL{TEVAP rNC e TyOPI*LE} /FDE

00165 LU TEL=TEVAP=DTH

00168 a1= RIFISRTEI=TL

aoLs? b2 AWSPIeTSH (2, #RTEI=TS)

aoL7e a43s DTF:G]NUILDG(RTEIIRTF!IllENTFlKL(l-NLlITKLoNKL-TFL-O-O).T“OPI‘LE'

00170 (L5 A /FOE

00171 L% TSC=TFL=0TF

00172 a6 RSCISRTFI=-TS

20173 L34 DTSZAIN*ALOG(RTFI/RSCI) /LKNALL {TSC+NCI*TWOPTALE) /FDE

oL7Th 48 TVAP=TSC-DTS

0017% g9e PYAP=PITYAP s NL}

on1Th So» DENVERHOV {NL Y SPYAR/TVAP

ooL7r7? S1s DENSLEDENL | TYAPrNL} N

00200 52 LAHBDA:UoUl*PVlP*IPTIZoMLIITV!P-PTIJrNL!)t(l./D!NV-I-IDENSL)

00201 53« VSZSART (KeAa TVAP/MINL) }93162.27

Q0202 L L1 GACATT=DENVSVS*LAMBDA/SART (2, ¥ (K+1.4))

00203 S5 GCRITEGACRIT*PIPRSC[#e2

go2os She GA=GIN/ (PLeRSCIE®2)

00205 57 IF{QALE.D:682ACRITIGO TO 100

00207 58« RSCICESARTIQIN/ (PI*0.39%QACRLT)

00210 59% RTYEC=RSCICHTS+TL+TH

00211 sos WRITE{®r1)RTEC

gD2L4 61 1 FORMAT{OCRITICAL HEAT FLUX EXCEEDED: RTE INCREASED TO P eFL0.4)

00215 s2e RTEZRTEC

D0216 53 &0 TO 110

00217 -1 100 MDOTTQIN/LAMBDA

onz2ae [} 1 DPLE = VISLITVAP+NLY*MDOT*(LE/2, )/ (PERMEASAWSDENSL } #1 .E=S

00221 [-1-04 VYAPSMDOT/LDENYSPISRSCI*e2)

ob222 67 DPYMOM=PVAP# L n1,/ (1, ¢+ {VVAP/VS)*a24K))

00223 68* REVAPZ2, #MDOT/ {PISHSCI*ENTP (MUVEL+NL Y » TMUV e KMUVS TVAP 020 )

o224 59 F=FFIREVAP}

onz2s To* DPYE=DENV sFeLEsyYAPPE2/ (2, #RSCI)*1 +E=5

00226 71 DPYETSOPVE *DPVMOM

anza? T2 DIVETZTYAP*OPVEY/ (PYAPS{PTI2/NL) S/ TVAF=PT(J¢NL) )]

00230 T TVAPASTVAP-OTVET

o231 The OPSTZ2.*GAMMACTVAPASNL ) FRPST

go232 15 TYMINSTVAPA

00233 TEs PYMINZPYAP=DPST

a0234% TT* PYMINZAMAXL(PYMIN:,01)

00235 Thx AAZALOG IPVYNIN)

00236 To* D0 832 1713

b2yl aow Q32 TVMIN:TVMtNOIl.Gill-Ptt1oNLlOPTthNL!ITVI[NOPTtSoNL)'anGlTV*!N)|

00241 81+ L/(PTL2eNLI/TYMIN=PTLINL)))
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24

82
Bis
8=
85%
86«
B7=*
ap*
BY%
o90x
91
92x
LRt
Gh¥
95
Ew
g7
98+
99
100
Lol
102«
103
100+
105=
106>
107s
108+
109
110=
111+
i12e
113e
tlue
115
114*
L7
11a»
119+
120+
121+
122%
123+

128w
129=
130%
131
132+
133
1343
135+
136+«
137*
138
139
140%
141w
1624
13
194
195
16
167w
148%
105+
150
151*
152+
153
154«
155+
156%
157
158
159+
160
161w
162+
163+
144
165
166
16T
1&68%
169+
170*
171»
172
175%
1Tue
175
176w
177+
178%
179+
180+
181+

[ 1]

L1}

332
€ col

1M

3

130

140

N

S00
160
150

IABATIC SECTION

DENSL=DENL {TVAPRINL}

DPLASVISL (TVAPAsNLI*MDOT® {LA+80,8TL) F{PERMEASANSOENSL 12l JE=%
PYAPACPVAP=OPVET

DENV=RHOY {NL 1 *PVAPA/TYAPA

VVA SMDOT/(DEMV*PI®RSCTI w*2)

REVAPZ2,sMDOT/(PI*RSCI  #ENTP{MUVIL s NL) + TMUV s NMUV TVAPR 109 0) 3
F=FF LREVAP]

DPVASDENVeF#ILA+BY , #RECT  }ayyA *22/R5CYI #1.E-S
QENTHZLAMBOA*SGRT (P *0 . S*DENV*DIPST) #316,227
QENT=GENTR*PISRSCI »%2

IF (LA+GT.0,2) GO TO 331

PPVA=G.

OPLAZD.

PVAPCZPYAP-DPVET~DPVA

AASALOG{PYAPC]

TVAPCETVARA

DO 332 I=1.3

TYAPCSTVAPCE (1.4 (AA=PT (Lo NLI4PTI2¢NL) /TVAPCH*PT {3+ NL ) ®ALOG ( TVAPC) }
1/(PTU2sNLY /TVAPC=PT(3sNL2 )]
NDENSER SECTIOMN

NS=¢

TREJ=0 .« 5% ( TYMIN$TYAPC)

LCZQIN/ L  BaRTE*TREJ**U*SIGMR )

RSCICC=RSCY

RIFICIRSCICCHTS

RTCI=RTFIC+TL

RYCZRTCI+TW

OPVEX=DENV*VYA *#2%0.5% (1, =(RSCI/RSCICCIna2)sa2al E=5
ALE=PI*TL#ARTFI+RTEI)

ALESPISTSL*{RTFI+RYED)

ALCTPISTL*{RTFIC*RYCI)

ALCSPI*TSL*{ATFIC+RTCI)

VLEZMDOT/ {ALE*DENSL)

AR=ALE/ALC

OPLCONSDENSLAVLE?*2#0,2%{1.=AR) *1 ,E~5
DYSCERINTALOGIRTFIC/RSCTCC) ZAKWALL TVAPL v NC) *TWOPT=LC)
TFLC=TYAPC=DTSC
DTFC=GIN®ALOGARTCI/RTFIC I/ (ENTP{XL{1#NL} r TKL¢NKL »TFLC» D210 ) & TWOPL*
ey

TWE=TFLC=DTFC

OTWCZGIN®ALOGLRTCARTCI )/ {KWALL { TRCNL ) »TWOPISLE)

TVMSTYMIN

TREJZ TVAPL ~DTSC=OTFC=-DTWC

LCSGINA{]l ., BARTCHTREJ*RURSIGMA)

DENSLSDENL {TVAPC+NL}
DPLCEVISLITVAPCNL P *MDOT*LLC/2,. )/ {IPERMEA®AWSDENSL } 1 .E+~%
DPLCT=DPLC+DPLCON

UENVERHOV (NL) *PVAPC/TVAPC

VVAPSMDOT/{DENY*PI#RSCICC**2)

REVAPSZ 4 #MDOT/{PI*RSCICC*ENTPIMUVIL s NL ) r TMUV P NMUV s TYAPC e Q001 )
FEFF{REVAR)

OPVCSOENYRFRLC*YVAPXSZ/RSCICCES £~

OPVYREC=D4 L DPVMOM

OPVCTZDPVC+DPYEX -DPVREC
OPTOT=NPYET+DPVA*DPYCTHDPLE4DPLA+DRLET
PVAPC=PYARP=OPVET=DFVA=D,5*DPYCT

AAZALOGIPVAPC)

DO 33k I=1+3

TYAPCSTVAPCH (L o #LAA=PT (L1rNLI#PT{2oNL) /TVAPCHPT (Ao NL ) XALOGITVAPRC) |
L1/UPYL2sNL) /TVYAPLC=PT(3iNL] )}

OPVT=DPVET+DPVA+DPVCY

OPLY=DPLE +DPLA+DPLCT

NS=NS# ]

IFINS.GT.20) GO TO 140

&0 TO 130

CONTINUE

IFLITPRNT JNELQ)
AWRLTE (6090 JOPTQTrOPST+RTICURTCLrRECICC DRV IF s REVAP r VWAP 1 DENY
A rOPLCyDENSLsLC e TRES+DTWE+ DTFC,DTSC s TVAPC » TUM TYMIN
A *PYAPCDPLCY+DPVCT v DPLCON+AR» VLE s ALC » ALE # DPVEX ¢ DPVA
A fPVAPA¢DPLAYRTC +PYMIN I PVAP +DPLE ¢ DPVE rOFVMOMeRTE +NPVREC
A +GIN/MOOT AW TS+ QACRIT QA BENTR

IFIABS ITREJ=TREJL).LT, D.1} GO TO Sp0

TREJ1=TREY

G0 TO 131

WRITE(6:+2)DPTOTDPSTYRSCICC

FORMATA *OCANNOT CONVERGE ON PORE SIZE ' 1SE15.4)

CON=1,

GO TO 15D

WRITEIGBe1560)

FORMAYL'DPUMPING SUFFICIENT. RTC MAINTAINED.®)

CONTINUE
WRITEVGs301I0PTOTsDPSTsRTCUrRTEL rRSEICC s OPVCHF o REVAP » YWAP 1 DENY
WRITE (6+90210PLCyDENSLeLCs TREJrOTWC P DTFE (DTS TVAPC s TYM TUNTN
WRITE (6+903)PVAPC+OPLCTrOPVCT s DPLCONIARSVLE » ALC ) ALE 1 DPVEX 2« NPYA
MRITE(6s 904 )PVAPADPLAYRTC s PUYMIN PYAP 1 DPLE » DPVE ¢ DPVMOM» RTE 2NPVREC
WRITE(G/INS) TN MDOT 1 AW+ TS+ GACRITHQAPBENTR

Bi1)=LC

BlI21=RTE

BI3)=TVAP

Bl4)STVAPR

BISISTVAPC

BIBIZTYMIN

B{7)=TREJ

BiB1=DPYE

B{9)=pPYMOM

atial=ppva

a111)=0hvC

#1121 =DPVEX
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nesat 250w END

END OF COMPILATTONI

QMAP: IS HP+HP

2 DIAGNOSTICS.

MAP 23=0 0&/23/73 1B:48I10 (,D) MNP
1 IN HPD
2e IN HOPIPE
3o IN SEARCE
LD IN ENTP

ADORESS LIMITS 001000 020418

STARTING ADDRESS 018242

WOROS DECIMAL 7949 IBANK

D4%0G00 047142

3683 DRANK
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TelOXs1DPST eELL.E/

Fr10% e HRTCU  *rEL4.6S
fr10NPtRTICL  *aELG.6S
tr10K e tRECICCYIELG .6/
Fp10XthPYE Y pE14.6/
10K F*+E14.6/
")10%» " REVAP' ¢tE1U.8&/
*p10Ns "YVAP  YsELULES
*410Xs PDENY  '+E1U.B)

Ye1QXe *NEMSL "+EL14.67
"el0Xet'LC "rEl1L.6/
10X *TREJ  PE1GGE/
V410X, *OTWE 'rE1U LB/
Pe1O0Xs *OTFC  "2ELl4.6/
*ai0XTDISC  PrELUGS
TprOX *TVAPC YsEL1U.6/
TrlOX*TYM PHE1U4.6/
IO+ *TYMIN "rEL14.6)

' 10X *PVAPC "rEY4.6/

fr10RtOPLET YrEL1G.6/S
*a10X%, DRV *IELd B/
e 10Xe 'DPLCONP 1 ELB. 6/
TelDXe*AR IEL4 B/
tpL0XPIVLE  Y9ELG.B/
YelOXevALC IELH.5/
THIOXPTALE ' ELB.G/
*+10X s *DPYEX '¢El4.6/
T+10X T"OPVA "sElU.G)
YelOXs "PVAPA *rEL8.6/
110X TDPLA Y rE14.B/
Yr10X 'RIC trE14.67
V10X *DPVREC +sE14.67
TelOXs "PYMIN *oEib.6/
YelOXs'PYAP  YHEIR.G6S
10X’ ELL.67
ty1D¥ e 'DPYE  TeElaL8/
YelOXs'DOYMOM I ELU LGS
*+10Xs *RTE TrEL4. 6/
*+10Xr *OPYREE* 1 EL4 )
*r10Ms*RIN *IE14.6/
Tel0Xe *tMIOT  *rEIRLBS
Ta10%e AN *IE10.6/F
*rlDXe TS “¢ElB.E/
tr10X e "QACRITY +EL1G B/
YelOXe QA YeELU6/
Cr10Xe "RENTR "+E14.6)

00556 182 BL15)2DPLE
00557 Lads 8118)=DPLA
00560 1a8e B115)50PLE
x =
328 1% SH%IZ0ENEN
00563 187+ Bl1B}=DpPLT
00564 18a% B(19)=0PTOT
00565 189« BI2D)=0PST
00566 190% BI21)=CON
. 00567 191% RETURN
00567 192x € wax FORMATS
00570 193« 90 FORMAT{1P10EL2,4) .
00571 198+ 901 FORMAT (* *¢5X:*TOTAL PRESURE OROP IN PIPET+10X%¢ '0PTOTY +E14.6/
00571 195+ 1 * 1,5%, TTOTAL AVAILABLE PRESSURE
00571 1964 2 T orSN,Y
Q05T 197+ 3 RITT 1L
boSTL 1984 4 v oSN
00571 199% ] ' T,5Xs'V PRESSURE DROP CONDENSER
00571 200+ 5 ' 16X, 'FRICTION FACTOR
00571 201 6 ' +)5%. *REYNOLDS NUMBER VAPOR
00571 202x 7 T 45X 'VELOCITY VAPOR
00571 203 8 T P BX IVAPOR DENSITY
00572 204% 902 FORMAT (' *+SXe'LIGUID PRESSURE DROP CONDE®#10%s'DPLC "¢El4.6/
00572 205* 1 't SXe'LIQUID DENSLTY
00572 206+ 2 v 145X, \COMDENSER LENGTH
vos72 207 3 v 1,5X¢'AVE REJECTION TEMPERATURE
00572 208 8 v 145Xy '0T CONDENSER WALL
00572 200+ 5 * v,5%, DT CONDENSER FILM -
pDs72 210% 6 * *y5Xe'DT CONDENSER SCREEN
00572 211 ? Y *,5X¢'VAPOR TEMP CONDENSER
60572 212+ B M)
00572 213 9 T 1 SKet
0sTy 214 903 FORMAT (' *,5Xr'PRESSURE IN CONSENSER
0573 215% 1 * 5%, TOY L PRESSURE DROP COND
003 216 F * *,5Xs*TOT ¥ FRESSURE DROP
00573 217 3 t *,5Xs 'CONTRACT PRESSURE DROP
00573 2189 4 v V,5X) 'AREA. RATIO
00573 219+ s TSN TLIBUID YELOCITY
0O5T3 220+ 6 v V.SNytAREA L FLOW COND
00573 221 7 ' ,SX.TAREA L FLOW EVAP
00573 222+ 8 * *,S5X¢ 'PRESSURE DROP EXPA N
00573 223 9 t t,5Xs 'V PRESSURE DROP ADTABATIC
00574 220 904 FORMAT (% *+SX¢'PRESSURE IN ADIABATIC SEC
00574 225+ 1 ' *,8x,'L PRESS DROP ADIAR
00574 226% z ' S
00S74 227+ 3 ' v,5Xs'PRESSURE RECOVERED
00574 228« Q 1 BN YMIN ¥ PRESSURE
00574 229+ s * ,5Xst¥ PRESSURE CONDENSER
00574 230 6 ' o4y5Xet
00574 231 ? % 445XetDP ¥ EVAPORATOR
DOSTH 232= a OV SX, 0P YV MOMENTLIVM
0574 233+ e VY .EX.VHP RAQIUS EVAPORATOR
00574 234 A ' *,SX¢'PRESSURE RECOVERED
00575 235 905 FORMAT (' *,5X¢?TOTAL HEAT TRANSFERRED
a05TS 236 1 * 15X YMASS FLOWRATE
00575 237 2 votaSe
00575 238w 3 YT Y
00578 239 I + 5% 'CRITICAL HEAT FLUX
00575 2408 4 v TSNy CACTUAL HEAT FLUX
00575 201 6 + 15X 'ENTRAINMENT LEIMIT
aos?s 242 ¢t
00575 2a3e c
00576 2a0e FUNCTION FF (REVAP)
- 00601 245s IFYREVAP,5T.2000] GO TO 520
00503 2uEn FES16./REVAP
00604 207% G0 TO 521
00605 2U4R* 520 FF=0+0146/{REVAP}**D.048
00406 2u9% 521 RETUHN

25
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SEGMENT MAIN

HSWTCS/FOR 1 001000
NRBLKS/FOR 1 colp22
NRWNOS /FOR 1 opiows
NWEFS/FOR 1 ooli2?
NF TCHS/FOR 1 001313
NINPTS/FOR 1 001830
NELOSS/FOR 1 0¢2515
NWBLKS$/FOR 1 Do2T06
NBSBLS/FOR 1 posozo
NUPDAS/FOR 1 0030s1
NRFO0$/FOR
NFTVS/FOR 1 003117
NBDCVS/FOR 1 003182
NCNYTS/FOR 1 go3aTo0
NININS/FOR 1 003812
NOTINS/FOR 1 poartos
UTINFV (COMMON BLOCK}
NFCHKS /FOR 1 o0o%206
3 UTINFY
NIOERS/FOR 1 00517s
NOUTS/FOR 1 005414
NFHTS/FOR 1 006473
NTARS/FOR
ERUS
NLOUTS/FOR 1 007351
NLINPS/FOR 1 010438
NINTRS/FOR=JPL 1 012237
NOBUF 5/FOR 1 D12a62
SGRTS/FOR=JPL 1 012824
EXPS/FOR 1 012%63
ALOGS/FOR 1 012653
NEXP63/FOR 1 012173
NERRS/FOR 1 0170
NIERS/FOR 1 013586
NOSTMS/FOR 1 013740
NSTOPS/FOR 1 018202
BLANKSCOMMON 1{COMMON RLOCK}
HPD 1 ois2u2
HOPTPE 1 015850
SEARCE 1 017636
ENTP 1 020076

SYSS*RLIB%. LEVEL 68 D2

001000 020uin

aoL021
001049
aoLl2s
ug1312
0n1627
082514
002705
003017
0030640
003116

00318}
103267
003511
003702
004205

0051 TN

a05413
006472
007350

010832
0122386
D286}
012523
012562
012652
012772
013167
013585
013737
t1a201
014258)1

015547
017635
¢2007%
020414

END OF COLLECTION = TIME 1.950 SECDNDS

QXET WP
SINPP

IHPT = +*1
NSCL = *2
MESH = +100000DCE+0R
FOE = +«20000000E+01
FCE = «10000000E+01
SEND

PUMPING SUFFICIENT,

TOTAL PRESURE DROP IN PIPE
TOTAL AVAILABLE PRESSURE

V PRESSURE DROP CONDENSER
FRICTION FACTOR

REYNOLDS NUMBER VAPOR
VELOCITY VAPOR

VAPOR DENSITY

LIQUID PRESSURE DROP CONDE
LIQUID DENSITY

COMDENSER LENGTH

AV6 REJECTION TEMPERATURE
DY CONDENSER wALL

DT COMNDENSER FILM

DT CONDENSER SCREEN

VAPOR TEMP CONDENSER

PRESSURE IN CONSENSER
TOT L PRESSURE DROP COND
ToT v PRESSURE DROP
CONTRACT PRESSURE OROP
AREA RATILO

RTC MAINTAINED,

DPTOT
DPSY
RTCUY
RTCL
f5CICC
oPve
F

REVAP
VVap
DENV
OPLC
DENSL
LC
TREY
0Tw
DTFC
D1SC
TVAPC
V™
TYMIN
PYAPC
OPLCT
bry
DPLCON
AR

NN N

N

NOARNONANS NNRNNNMNNRRNNRMN RNMNNRNEN NN

080000 D&T1L2

040000 040011
040012 oaon3)
640032 040057
040040 040103
080108 D4NizN

080135 G82336

042337 042001
042502 042LTA
042677 082%02
042503 082518
092515 042517
042520 042573
Q42678 0L2THS
Gu2786 043116
043117 0431582
043153 aald227?
043230 oa3epu

043405 043442
043443 0UB62Y
0434630 D43T1e
043715 OB3TIS
043716 043722
043723 043743
043T4h 044004
098005 044056
084057 044257
0Le260 Du83TT
oRby00 chbheQn
044405 045420
DqLa2] DaueLs
DRuQus DYSHL2
ALANKSCOMMON

045413 047053
BLANKSCOMMON

047054 047075
BLANKSCOMMON

047076 0471542
BLANKSCOMMON

»2204047+00
275854400

000000

000000

«H30263+00
+181920=01
I I4T=02
+ 298526404
+159531+04
»352173-03
« 162729400
+ET1531400
«138312403
«997990+03
«914ATE=D]
+000000

» 224635400
+9983104+403
«994 7TA%40Y
998 TES4OS
«T4gTg2401
«162729+00
+106193=01
-000000D

100000401
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LIQUIO VELOCITY YLE « T18693+01

AREA L FLOW COND ALC «689699~01
AREA L FLOW Evap ALE «689699=-61
PRESSURE DROP EXPA N DPVEX < 000000
V PRESSURE DROP ADIABATIC OPVA «000000
PRESSURE IN ADIABATIC SEC PYAPA «T780323+01
L PRESS DROP ADIAB OPLA «Dooa00
R1c +5000004+00
PRESSURE AECOVERED OPVREC «T23838+01
MIN v PRESSURE PYMIN » 751520401
V PRESSUHE CONDENSER PYAP «352932=01
«307212=02
DP v EVAPORATOR DPVE «8935811=-02
DP y MOMENTUM DPYMOM « 500000400
HP RADLIUS EVAPORATOR RTE »3I5TIGN=02
PRESSURE RECOVERED DPYREE
TOTAL HEAT TRANSFERRED aIM « T00000+03
MASS FLOWRATE MDOT + 32285T+00
A +1313068+00
5 «H57371-01
CRITICAL HEAT FLuX BACRIT «191857+05
ACTUAL HEAT FLUX BA «118152+08
ENTRAINMENT LIMIT BENTR 823258408

PUMPING SUFFICIENT. RTC MAINTAINED.

TOTAL PRESURE DROP IN PIPE oPYQT » 187678400
TOTAL AVAILABLE PRESSURE OPST 1276768400
RTCU 000000
RTCL + 000000
RSCICC »334263+00
¥ PRESSURE DROP CONDENSER DPYeC «421640=-02
FRICYION FACTOR F +« 100433=-01
RETNOLDS NUMBER VAPOR REVAP 1 24264%0+08
VELOCITY VAPOR VYAP 2105022408
VAPOR DENSITY DENY +3533446-03
LIGUID PRESSURE DROP CONDE OPLC +111071+00
LIQUID DENSITY DENSL +6T71830400
CONDENSER LENGTH Le 2115071403
AVG REJECTION TEMPERATURE TREJ «998803+03
DT CONDENSER wALL OTHC +913152=01
DT CONDENSER FILM DTFC « 0064000
DT CONDENSER SCREEN DISC »221263+00
VAPOR TEMP CONDENSER TVAPC +»998T16+03
TV +995031+03
TYMIN «995031+03
PRESSURE IN CONSENSER PVAPC « 752808401
TOT L PRESSURE DROP COMD DPLCT «111071+00
ToT ¥ PRESSURE DROFP oPY «2658%2=-02
CONTRACY PRESSURE OROP DPLCOM 000000
AREA RATIO AR »1000004+0)
LIQUID VELQCITY VLE +5O4B6T+01
AREA L FLOW CTOND ALC «833386=01
AREA L FLOW EVAP ALE +»B33386=-01
PRESSURE DROF EXPA N DRVEX « Q00000
¥ PRESSURE DROP ADIABATIC OPYA «~000000
PRESSURE IN ADIABATIC SEC PYAPA « 752941¢01
L PRESS DROP ADIAB OPLA «000000
RIC «600000+00
PRESSURE RECOVERED DPVREC o T2370440)
MIN V PRESSURE PYMIN » 753540401
¥ PRESSUHE CONDENSER PyYAP »289563=01
’ »109842=-02
DF ¥ EVAPORATOR DPVE «389368=02
QP ¥ MOMENTUM DPVMOMN +«500000+00
HP RADIUS EVAPORATOR RTE «155TuT=02
PRESSURE RECOVERED DPVREE
TOTAL HEAYT TRANSFERRED 91N + 700000403
MASS FLOWRATE MpoT + 332862400
AN +1601035+00
TS «A573T1=01
CRITICAL HEAT FLUX QACRIT «1931918+05
ACTUAL HEAT FLUX aA « 780617403
ENTRAINMENT LIMIT GENTR +B2041T+04

PUMPING SUFFICIENT, RYC MAINTAINED.

TOTAL PRESURE DROP IN PIPE BPTOT +10A389+00
TOTAL AVAILABLE PRESSUNE DPST +2767164+00
: RTCY +000000
RYCL, »000000
RSCICC +6382363400
v PRESSURE DROP CONDENSER DBYe « 15407602
FRICTION FACTOR F »101264=01
REYNOLDS NUMBER VAPOR REVAP 208382408
VELOCITY VAPOR VAP + TH36A5403
VAPOR DEMSITY DEMV +355161=03
LISUID PHESSURE DROP CONDE DPLC +806363=01
LTIQUID DENSITY DENSL +6T1373400
CONDENSEH LENSTH LE «9BN418402
AVG REJECTION TEMPERATURE TREY +998633+03
DT COMDENSER wALL DTHC +911780=-01
DT CONDENSER FILM DTFE + 000000
OT COMOENSER SCREEN n1sc 219028400
VAPOR TEMP CONDENSER TvaPC +99R943+03
TV +99521 7403
TVMIN 4995217401
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PRESSURE IN CONSENSER
TOT L PRESSURE DROP COND
TOT V¥ PRESSURE DROP
CONTRACT PRESSURE DOROP
AREA RATIQ

LIGQUID VELOCITY
AREA L FLOW COND
AREA L FLOW EVAP

PRESSURE DROFP EXPA N

¥ PRESSURE DROP ADIABATIC
PRESSURE IN ADIABATIC SEC
L PRESS ORGP ADIAB

PRESSURE RECOVERED

MIN ¥V PRESSURE

¥ PRESSUNE CONDENSER

DP ¥V EVAPORATOR

OP ¥ MOMENTUM
HP RADIUS EVAPORATOR
PRESSURE RECOVERED
TOTAL MEAT TRANSFERRED
MASS FLOWRATE

CRITICAL HEAT FLux

ACTUAL HEAT FLUX
ENTRAINMENT LIMIT

5.000-01

3.000¢01
1.000+00
7.00D+02
0.000

Z.000=~02
1.000=01
1.000+03
Se339=03
1.000+00
1383002
5.000=01
P.985402
F.980+02
F+ 983402
F.PuB+02
9.9804+02
3.072=-03
8.930=03
o.00n

1.819=02
0,000

3.529-02
0.000

1.62T=01
0.000

2.203=02
1.980-01
2220801
2.769=01
6.000

6.000=-01
o.000
0,000
0.000
a.000
0.000
0,000
0+000
0.000
0.000
1-1%1+02
6.000=01
9.988402
9.987+02
9.987¢02
F,950+402
F.989+402
1.098+~03
2.8%4=03
0.000
4,216=02
D.000
2.896=02
0.000
1.111=01
0.000
TebB1=05
1.400=01
1:.477=01
2. Th8=01
0.000

T.000-01
0.000
0.000
0.000
0.00¢
0.000
0.000
0.000
0.000
0.000
9,855+0}
72000-01
5990402
9. 989+02
9.989+02
9,9%52+02
9.986+02
4 .689~D0
1.958~03
0.000
1.5%1-03
4.000
2.455=02
Q.000
B 064=02
0.000
3.184=03
1.082=01
1.084=01
2.787=01
o.000

« 754503401
+806363=01
«757738=021
+«(00000

« 100000401
«30TR32+401
+977073=-01
+9T7TTO73=01
«000000

Q30000

«T50581+08
+000000

« 700000400
+ 727112401
« 750783401
«205886~01
«864915=03
« 19575702
« 700000400
«TAI026=-03

+T00000+03
+332865+00
+188843+00
+457371=-01
« 192280405
+353872+03
+825117400
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